To test how interindividual variation in response to resource availability might reveal mechanisms leading to interpopulation variation across the geographic range of a species, we investigated movement patterns and use of space by 18 radiocollared raccoon dogs (Nyctereutes procyonoides viverrinus) in a mixed landscape of agriculture and forestry that is widely distributed in Japan, and that is a typical landscape for raccoon dogs. We tested the idea that the behavior of raccoon dogs, as ecological generalists, is sufficiently plastic for individual movement patterns to match habitat variation in this landscape. Home ranges averaged 111 ha (95% kernel estimate), much larger than previously reported for this species in Japan, and varied greatly among individuals (23-228 ha). Home ranges were 62.5% larger in autumn than in other seasons, and 33.5% larger for subadults than for adults. Average movement rate tended to be higher in autumn (mean rate ¼ 297 m/h), and lowest in winter (mean rate ¼ 204 m/h). Within the population, some individuals occupied home ranges that were predominantly seminatural (we refer to these animals as ''mountain type''), whereas those of others were dominated by heavily managed habitats (these we term ''village type''). Within their home ranges, the types showed preferences for the habitats that were most prevalent there. Mountain-type individuals showed a preference for herbaceous habitat, whereas the village-type individuals used cropland disproportionately. Activity, as measured by the proportion of fixes designated active, tended to be lower in home ranges where cropland was predominant, and the magnitude of preference for cropland increased with its availability with the home range, suggesting a functional response to habitat availability. The fractal dimension of movement trails was more complex in seminatural areas than in agricultural land, possibly reflecting greater spatial regularity of agricultural habitat.
Three decades have passed since the 1st spate of field studies revealed the great extent of intraspecific variation within the socioecology of carnivores (e.g., Kruuk 1972) . This variability between populations emerged most characteristically within canid species (Macdonald 1979 (Macdonald , 1981 , and revealing case studies continue to emerge quantifying variation between canid populations in diverse aspects of their behavioral ecology (reviewed in Macdonald et al. 2004 , and papers in Macdonald and Sillero-Zubiri 2004) . These differences between populations are emergent properties of the individuals that comprise them. Therefore, to understand intraspecific variation, 1 potentially informative approach is to consider a species whose geographic range encompasses diverse environments, and among those environments to focus on one that presents different individuals with contrasting ecological circumstances. In this way, it may be possible to test whether variation within 1 ecosystem may be associated with differences in individual behavior within 1 population that would, if scaled up to population variation among ecosystems, lead to the observed intraspecific differences. Furthermore, it may then be possible to explore individual responses to circumstances to tackle the related, but distinct, question of at what ecological scale do the responses occur? To apply this approach to studying the link between individual variation in behavior and interpopulation variation, we present some observations on raccoon dogs (Nyctereutes procyonoides viverrinus) in Japan occupying a landscape known as ''satoyama,'' which is a variable mix of forestry and farmland. We expect, from the patterns of intraspecific variation in other canid species, that members of a population of raccoon dogs occupying a landscape composed largely of forest with some farmland might behave differently than members of a population occupying a landscape composed largely of farmland with some forest. The characteristics of satoyama allowed us to test whether, within 1 population of raccoon dogs, individuals encountering these different mixtures of habitat behave differently.
Raccoon dogs are medium-sized (3-to 10-kg) canids endemic to eastern Asia. The species' remarkable elasticity in ecological requirements makes it a good model for studies of intraspecific variation. Kauhala and Saeki (2004) already have demonstrated the exceptional variety of habitats and ecological circumstances encompassed in the geographic range of raccoon dogs, not least because that range has been greatly extended through introductions. Furthermore, they demonstrate that the Japanese subspecies is arguably the most different, being an outlier in many morphological and life-history parameters. Raccoon dogs have attracted considerable attention where they are an invasive species (e.g., Drygala et al. 2000; Kauhala 1995 Kauhala , 2004 Kauhala et al. 1998) . In Japan, raccoon dogs have been studied in a variety of minor land-use types, including islets (Ikeda 1982; Ikeda et al. 1979) , urban areas (Fukue 1991; Yamamoto 1993; Yamamoto et al. 1995) , subalpine zones (Yachimori 1997; Yamamoto et al. 1994; Yashiki 1987) , garbage sites (Ikeda 1982; Ward and Wurster-Hill 1989) , forest ridges (Ward and Wurster-Hill 1989) , suburbs (Sonoda and Kuramoto 2001) , and at sites where they are fed by humans (Fukue 1996; Izumi 1982) . Surprisingly, however, the species has not hitherto been studied in the predominant rural landscape in Japan, satoyama. The name acknowledges the variable mosaic of this landscape: the ''sato'' element of the landscape refers to human dwellings with rice fields and cropland, whereas ''yama'' describes the hills and valleys element, which is less managed. These 2 landscape components occur locally in very different proportions and configurations-local differences that we hypothesize will have consequences for the behavioral ecology of individual raccoon dogs.
The satoyama is a mosaiclike landscape of forest and agriculture maintained through traditional use by people (K. Osumi and K. Fukamachi 2001; [A note for considering satoyama] (in Japanese); ,http://homepage.mac.com/hitou/satoyama/docs/ osumi(2001)html.). In addition to providing a model system for quantifying the behavioral responses of raccoon dogs to variation in landscape composition, this landscape has recently been recognized as interesting in itself because of the networks of wildlife corridors that characterize it (Nakamura and Short 2001) , and because the juxtaposition of people and nature within it provides a testbed for ideas concerning both the coexistence of, and conflicts between, people and wildlife (Fukamachi et al. 1998; Tabata 1997) .
We also investigate the scale at which the habitat, and the responses of raccoon dogs, can be detected. Spatial scale is especially critical when considering space use in mosaic habitats (Mysterud and Ims 1998) . For example, at a coarse scale we might predict that home-range size will differ among home ranges characterized by different ratios of sato and yama landscape types; at a finer scale, we might predict that movement patterns will differ in their detailed geometry between these 2 broad types, or between their component parts. We suggest that differences in behavior at different scales might be part of a cascade of consequences that shape the behavioral ecology of individuals to their local circumstances, and that, ultimately, could lead to the emergent differences that characterize different populations. This might thereby explain the intraspecific variation so typical of wild canids.
Raccoon dogs are particularly interesting in terms of the comparative behavioral ecology of the Canidae for a number of reasons (see Macdonald and Sillero-Zubiri 2004) . First, in some habitats they are known to form groups larger than the monogamous pair that is typically the basic social unit of the canids. However, and in contrast to other canids known to form groups, there is no evidence of cooperation or other selective advantage to sociality in this species. For example, 2 groups that were living closely together, and sharing a feeding site, were observed at a campground in Nose-cho, Osaka Prefecture, in 1992; 1 group waited in the woods while another group fed on food provided by the personnel at the same time each day (1300 h). Each group consisted of at least 10 individuals, and 1 group appeared to be dominant as it always fed first (Saeki 2001) . Also, on 8 December 2003, Fuji Television Network broadcasted film (Super News Flash ''Raccoon dogs in Nagasaki and red fox commotions''; Fuji Television Network, Inc., Tokyo, Japan) of a large number of raccoon dogs (30-40 animals) staying in a vegetated area during daylight and frequenting locations where they were habitually fed by people in the evening at Nagasaki Airport.
Secondly, studies in Finland, and observations throughout eastern Europe, where raccoon dogs are introduced, have so far revealed little evidence for competitive interaction with native carnivores (Kauhala 1995; Kauhala et al. 1998) . Some hints exist that they may compete with red foxes (Vulpes vulpes) in Finland (Kauhala 2004) and for ungulate carcasses with other carnivores in Belarus (Sidorovich et al. 2000) . Indeed, in these areas it seems that the niche of introduced raccoon dogs fits somewhere between those of red foxes and Eurasian badgers (Meles meles). Both these species also occur in the natural range of the raccoon dog, including Japan.
Studies on the diet of Japanese raccoon dogs have revealed that they are opportunistic omnivores, with a tendency for feeding on insects in summer, on seeds and fruits in autumn, and on birds and mammals in winter (Hirasawa et al. 2006; Sasaki and Kawabata 1994) . Fruits of the ginkgo (Ginkgo biloba) and persimmon (Diospyros kaki), which is mainly found in gardens, orchards, and parks, may be particularly important during autumn when raccoon dogs are accumulating fat reserves (Hirasawa et al. 2006; Saeki 2001; Yamamoto 1991) .
The species is also the only member of the family Canidae known to hibernate , but the Japanese subspecies (N. p. viverrinus) that we study does not hibernate (Kauhala and Saeki 2004) .
In summary, then, the plasticity of this species in its ecological requirements at a large scale provokes the question of how individual raccoon dogs use space on a smaller scale, and the mosaic typical of satoyama provides a test for this intraspecific variation. Specifically, we hypothesized that the mosaic of habitats within satoyama, and the patterns of dispersion of resources that they reflect, would cause intrapopulation variation in the behavioral ecology of raccoon dogs. Any such variation could shed light on how individual responses to local circumstances illustrate the mechanisms likely to lead to interpopulation differences that comprise intraspecific variation.
To address these questions we investigated habitat use and movements of raccoon dogs at different spatial scales. Johnson (1980) devised a spatially hierarchical framework for considering habitat use: in his terminology the location of individual range within the landscape constitutes 2nd-order selection, whereas the use of different habitat components within a home range addresses 3rd-order selection. We also explored patterns in the mean (nightly) speed of movement between radiotracking fixes, and in the ratio of active to inactive fixes in different habitats; both these attributes would also be expected to provide indirect evidence as to preference. At the smallest spatial scale we investigated, fractal dimension of movements were calculated with an interval of approximately 15 min between fixes. Sugihara and May (1990) suggested that this dimensionality might be expected to relate to the frequency of encounter with different types of resource (e.g., with food items). A spatial scale at which the fractal dimension (D) changes might reflect a change in behavior necessary for encountering resources at that scale. D-values are useful measures of relative tortuousity and may help quantify individual variation in movement tactics and its causes (Doerr and Doerr 2004) . Similarly, the physical structure of landscapes can be described in terms of fractal dimension (e.g., Milne 1997; Schmid 2000; With et al. 1999) . Here, we compare fractal attributes of animal movements with the habitat type in which they were observed, and asked how the spatial configuration of key resources may have influenced movement patterns.
Finally, in addition to our goals of testing whether the mosaic of satoyama habitats affected individual raccoon dog behavior and, if so, at what scale, a 3rd and more straightforward goal of our study is simply to describe the movement patterns of the Japanese raccoon dog in its predominant, but previously unstudied, habitat.
MATERIALS AND METHODS
Study area.-The study area (Fig. 1 ) was in the satoyama landscape where raccoon dogs have cohabited with humans for centuries. The study area (358229N, 1408189E) was roughly 25 km 2 , and was located mainly in Mutsuzawa-machi (a human population of 8,500), Chiba Prefecture, in the Boso Peninsula, which is about 70 km southeast of Tokyo, Japan. The climate is mild because of the proximity of the warm Kuroshiwo current in the Pacific Ocean, with annual averages of temperature of 15.08C, total precipitation of 1,700 mm, and relative humidity of 75%.
The area comprises flat plains, consisting of a mosaic of rice fields, riparian rushes (Phragmites and Typha), human habitations, and low hills (,100 m elevation) with a mixture of forests and pasture fields. Broad-leaved evergreen species (e.g., Castanopsis cuspidata, Quercus serrata, and Q. glauca) and broad-leaved deciduous species (e.g., Carpinus tschonoskii and Prunus jamasakura) remained on ridges and slopes, whereas plantations of coniferous Japanese cedar (Cryptomeria japonica) and bamboo (Phyllostachys heterocycla and P. bambusoides) are mainly found in valleys or close to human residences. Abandoned rice fields are often located in valley bottoms. Rice farming was the major land use in the region.
Data collection.-We captured and radiocollared 21 raccoon dogs (Table 1) Wisconsin). We baited traps with peanuts, fish, dog food, or dried fruits, and staked and covered them with mats made from bamboo (Saeki 1998) to protect them from free-ranging domestic dogs. Captured animals were sedated using a ketamine hydrochloride (0.2 ml/kg body mass) and xylazine hydrochloride (0.1 ml/kg body mass) mixture (Daiichi Sanko Company Ltd., Tokyo, Japan). After sedation, each animal was measured, sexed, uniquely marked with ear tags (1005-3; National Band and Tag Co., Newport, Kentucky), and equipped with radiocollars (144-147 MHz; 80-120 g; 1.3-3.3% of body mass; Biotrack Ltd., Dorset, United Kingdom). We classified individuals as either adult or subadult; the incisors of the latter have conspicuous notches (Hata 1973) . We used box-traps large enough for raccoon dogs. The traps were checked at midnight and closed during daylight hours. Trapping, handling, and transporting animals was conducted to minimize stress, satisfying the guidelines of the American Society of Mammalogists (Animal care and Use Committee 1998).
We obtained radiotelemetry locations or triangulations (hereafter fixes) at approximately 15-min intervals for a focal animal during each night of tracking. Each focal animal was tracked at least once a week; additional fixes were recorded for non-focal individuals whenever possible. We recorded 2 or more azimuths with a compass (Ranger-15; Silva Sweden AB, Sollentuna, Sweden) using a receiver (TR-2; Telonics, Mesa, Arizona) and a handheld antenna (RA-2A; Telonics). We used 2 or 3 azimuths, taken within 3 min, for triangulation. The distance between azimuths was usually ,80 m, and the average fix error was 11 m, calculated from 2 dropped collars and 5 dead animals. Although error is likely to be greater for moving animals, most distances between the animal and the tracker were ,200 m, and frequently ,50 m if fixes were taken from a road. We classified fixes as either active or inactive on the basis of signal variability (a constant strength was considered to indicate inactivity). Although this is not a totally reliable method for detecting activity, it has often been used previously with success (Nams 1989; Powell 1979) , and is more reliable when location changes between fixes.
We suspected that food and cover availability for raccoon dogs differed markedly in availability among the 5 most common habitat categories (where common is understood by percentage contribution of area): forest, herbaceous, rice field, cropland, and plantation (definitions in Table 2 ). To rank the habitat categories according to their relative abundance of food, we sampled soil macrofauna and surface invertebrates monthly in each cover type, and scored the relative abundance of amphibians and plant food (fruits, acorns, and berries) using published data, that is, amphibians from Fujioka and Lane (1997) and Lane and Fujioka (1998) , and potential plant-food distributions from Chiba Prefecture (1996a Prefecture ( , 1996b and by plotting persimmon data on maps (1:2,500) during the fruiting season of 1995. The sum of these scores provided an ordinal rating for food abundance in each habitat. We estimated percent canopy closure and percent ground cover (.40 cm height) by eye. These were used to generate an ordinal cover index.
Data analyses.-We estimated home-range sizes using the fixed-kernel estimate for 17 animals, using RANGES V (Kenward and Hodder 1994) . We used fixes taken continuously for !4 h, or !40 min apart if not taken continuously for !4 h. We selected animals with .100 fixes and 5 nights tracked for home-range calculations (Table 1) . Reynolds and Laundrè (1990) showed that data with independent sampling intervals underestimated both home-range size and daily distance traveled for pronghorn (Antilocapra americana) and coyote (Canis latrans) and recommended that the benefits outweighed the costs of using autocorrelated data to secure better estimates of these.
De Solla et al. (1999) found that fixed-kernel estimates were more accurate with maximum numbers of autocorrelated fixes than were independent subsets of data. Therefore, we used continuous tracking fixes for home-range estimates. Homerange size was not weighted with the number of fixes used because there was no evidence that they were correlated (r ¼ À0.146 for 95% kernel estimate). Range size was square-root transformed for conformity with model assumptions in statistical analyses. Hypothesis testing was conducted with the SAS system (SAS Institute Inc. 1996) unless otherwise indicated. We used a portion (18%) of the study area (approximately 4.5 km 2 ; Fig. 1 ) for habitat analysis on the basis of linear structures, such as river and road, and the home ranges of the tracked animals. The area was surrounded by 2 rivers and 2 paved roads, contained 14 home ranges for analysis, and the 14 raccoon dogs seldom crossed those rivers and roads. Our study of habitat use was based on this area. We constructed a digitized habitat cover map based on scanned land-use maps (1:2,500) on which additional vegetation cover information was added using 2 aerial photographs (Geographical Survey Institute 1991) and ground surveys. We identified the habitat type that was associated with each fix location (n ¼ 8,308) in continuous tracking sessions using the digital map. We measured habitat composition at 3 levels: the total area, home ranges estimated with 95% kernel estimates, and fix locations in each home range. Habitat preferences were obtained at 2 scales: home range in the total area and fixes in the home range. We used compositional analysis of habitat use (Aebischer et al. 1993) with ranking matrices for 7 habitat categories (Table 2) . These analyses were conducted with software written by F. Leban at University of Idaho (http://ces.iisc.ernet.in/hpg/envis/resdoc1120. html). To reduce type I error rate (where a true null hypothesis [H 0 ] is rejected) resulting from habitats with low availability (Bingham and Brennan 2004), we did not include the ''urban'' and ''water'' elements of home range in these analyses. However, they are retained in the figures. Multivariate analysis of variance (MANOVA) was used to test for differences in selection associated with the predictor variables of interest.
For 18 animals (309 tracking nights) we calculated interfix speed (rate of travel). We summarized nightly movement with total estimated distance traveled, mean interfix speed, maximum distance across nightly home range, and 100% minimum convex polygon for a night. Means for each were calculated across all classes of the predictor variables. Because it was necessary to include the identity of a raccoon dog as a random categorical factor in analyses (e.g., where the same individual was observed in more than 1 season) we used the SAS MIXED procedure (Littell et al. 1996) . This procedure is capable of dealing with unbalanced designs, as here where not all individuals were observed in all seasons. It also ensures that multiple observations of the same individuals are not treated as replicates. Corrected degrees of freedom for the denominators in F-tests were obtained by using Satterthwaite's approximation (Littel et al. 1996) . Where observations were not repeated on individuals, we used the SAS GLM procedure.
We obtained sequential locations using fixes taken at 14-to 16-min intervals. Fractal dimensions of movements were calculated for 15 raccoon dogs (68 nights) by a divider method (Sugihara and May 1990) , using a program developed by Creed (1998) . This method employs iterations of calculating apparent length L(d) with changes in divider lengths, that is, calipers, to plot log L versus log d and to obtain D from the equation:
is measurement scale, and K is a constant. Because natural fractals are 
Rice field and wetland H Cropland and garden I Water K þ L Urban constrained between limits (determined by the animal's stride length and maximum speed of movement), a constant fractal dimension occurs only over a limited range. Turchin (1996) advised that fractal dimensions should be used only where selfsimilarity was demonstrated. We did this by inspecting plots and truncating at points where linearity was observed to break down. The series were created by connecting sequential paths from different nights with adjusted locations, by uniting the end point and the start point of the next bout. Calculated fractal dimensions were 1.16, 1.15, and 1.14 for 15-min, 1-h, and 1.5-h intervals, respectively. The fractal dimension of the whole path of 15-min intervals (186 steps) was 1.16. Although there was a steady increase over the range, we observed no differences greater than the overall SD (0.101) across the 3 scales. This supports the scale-independence (self-similarity).
We categorized raccoon dogs into 1 of 2 types depending upon the ratio of seminatural habitat and farmland in their home ranges. The categorization was not entirely arbitrary; it was based on our landscape analyses of habitat availability that was suggestive of a dichotomy in landscape types, and was useful for subsequent analyses. If the percentage of herbaceous and forest habitats exceeded the percentage of ricefield and cropland habitats, the individual was classified as ''mountain-type,'' because herbaceous and forest habitats were common in the mountains. If the percentage of rice-field and cropland habitats was greater, the individual was classified as ''village-type.''
We used the categories to frame questions about the effect of habitat availability on its relative preference, including the use of the method of Mysterud and Ims (1998) for identifying responses to habitat availability. Evidence for the function of habitat also was inferred by carrying out analyses using the proportion of active fixes as a response (arcsine square-root transformed; weighted by N) and the type of raccoon dog and habitat as predictors. The SAS MIXED procedure also was used for this analysis. We conjectured that individuals were less likely to be foraging, and more likely to be resting, if a high proportion of fixes was inactive, and therefore that if a habitat was associated with a high proportion of inactive fixes, the habitat was favored for resting.
We compared fractal dimensions between individuals, years, age classes, sexes, seasons, and habitat-user types. We also calculated the fractal dimensions of the 2 distinct landscape types using a box-counting method (Block, 1990) . Two 840 Â 840-pixel squares were cut from a digital habitat map (0.4962 m per pixel) at representative points in rice fields and cropland (sato) and hills and valleys (yama).
RESULTS
Home range.-Mean home-range sizes (Table 3) 
, nor was there a significant interaction between age and sex in their effect on range size (GLM F ¼ 0.28, d.f. ¼ 1, 13, P ¼ 0.607). Home-range sizes of mountain-type animals ( X ¼ 128.0, SE ¼ 35.6, n ¼ 7) did not differ significantly from those of village-type animals ( X ¼ 92.6, SE ¼ 21.8, n ¼ 6; GLM F ¼ 0.40, d.f. ¼ 1, 11, P ¼ 0.544; degrees of freedom differ here because not all animals were allocated to type).
Home ranges were largest in summer and autumn, and smaller in winter and spring (MIXED F ¼ 5.45, d.f. ¼ 3, 34.4, P ¼ 0.004; Table 3 ). There was strong evidence that the effect of age differed between the sexes (MIXED F ¼ 20.0, d.f. ¼ 1, 35.4, P , 0.0001); the home ranges of subadult females were considerably larger than those of adult females, whereas the home ranges of adult and subadult males were of similar sizes. There was no evidence that the effect of age depended on season (F ¼ 0.65, d.f. ¼ 3, 31.2, P ¼ 0.59). Habitat quality.-The composition of the available habitat is shown in Fig. 2 . Fourteen animals with sufficient data from continuous tracking for at least 1 season were used for analysis. Although climate, prey density, and fruit abundance may have varied between years, data were available from too few animals to include year as a categorical factor in statistical models. Therefore, seasonal habitat use was pooled by season across years. Habitat use of 4 animals tracked .2 years was obtained individually by season.
Seasonal variation in both food abundance and cover occurred among habitat types (Table 4) . Food abundance peaked in spring in herbaceous habitat, in summer in forest and ricefield habitats, and in autumn in cropland. Food abundance was low in plantation throughout the year. Rice-field habitat provided cover only in summer, whereas the other 3 habitats provided relatively stable cover throughout the year. The rice habitat was therefore the most variable in both resources.
Habitat preference.-As expected (because this was the basis of the distinction between the types), at the larger spatial scale, the habitat composition of home ranges in the study area, Johnson's (1980) 2nd-order selection, there was a significant difference between mountain-and village-type animals in the composition of their home ranges (MANOVA, F ¼ 7.6, d.f. ¼ 4, 9, P ¼ 0.006). Mountain-type raccoon dogs showed a tendency to favor inclusion of herbaceous vegetation in their home-range composition (Fig. 3) , which was not statistically significant at P ¼ 0.05 (v 2 ¼ 7.81, d.f. ¼ 4, P ¼ 0.10). For the village-type animals, rice and crop were significantly overrepresented (v 2 ¼ 15.7, d.f. ¼ 4, P , 0.05; Fig. 3 ). There was no evidence for a sex difference (MANOVA, F ¼ 0.79, d.f. ¼ 4, 9, P ¼ 0.56).
More interestingly, habitat preference at the 2nd spatial scale (i.e., the extent to which habitat types within the home range are used in proportion to their availability; Johnson's [1980] 3rd-order selection) also showed evidence for selectivity (v 2 ¼ 29.3, d.f. ¼ 4, P , 0.05). The overall habitat preference rankings generated by the compositional analysis were herbaceous . crop . forest . plantation . rice. Although the evidence that mountain-and village-type animals differed in the proportional use of habitats within their home ranges was weak (MANOVA, F ¼ 2.1, d.f. ¼ 4, 9, P ¼ 0.16), we also looked at their within-home-range patterns separately. There was strong evidence that home-range use was nonrandom for both mountain-and village-type animals (v 2 ¼ 17.6, d.f. ¼ 4, P ¼ 0.001, and v 2 ¼ 18.7, d.f. ¼ 4, P , 0.001, respectively). Herbaceous habitats were favored by the mountain-type raccoon dogs, whereas cropland and gardens were used more by the village-type animals (Fig. 4) . There was no evidence for differences among seasons (MANOVA blocked by animal identification, season effect, P ¼ 0.42). Nor was there any evidence for an effect of sex (MANOVA, F ¼ 7.6, d.f. ¼ 4, 9, P ¼ 0.48).
We investigated patterns of habitat preference further using the methodology of Myerstud and Ims (1998) . The extent to which the preference of a critical habitat changes with its availability can be described in terms of the relationship between use and availability on a logit scale. The slope of this relationship was greater than 1.0 (Fig. 5) , indicating that the strength of selection for cropland increases with its availability (t ¼ 1.82, d.f. ¼ 12, 1-tailed P ¼ 0.047). Hence, preference tended to be greater for village-type animals (whose ranges included more crop habitat).
Our analysis of activity (indexed by the proportion of fixes designated active) provided indirect evidence that the composition of a home range affected the function of different habitats. There was a significant interaction between type of raccoon dog and habitat (F ¼ 3.12, d.f. ¼ 4, 67, P ¼ 0.02). Therefore, we looked at the pattern among raccoon dog types separately. For the village-type animals, activity differed significantly (F ¼ 10.6, d.f. ¼ 4, 22, P , 0.001), and was markedly lower in the crop habitat in comparison with others (in crop X ¼ 0. where the crop habitat is abundant in a range, it may be increasingly used for both cover and foraging. Interfix speed.-Interfix speed was used to explore patterns in movement speed. Individual mean interfix speed varied between 1.86 and 6.96 m/min; the maximum value recorded in any 15-min period was 68.7 m/min. We 1st calculated a mean value for each individual-habitat type-season combination (and also within age classes where an individual was observed as both subadult and adult). These means were then used as the response in MIXED models using sex, season, age, and type of raccoon dog (whether a village-or mountain-type animal) as categorical predictors. The identity of individuals (nested within sex and type) was entered as a random factor to deal with nonindependence arising from multiple observations on the same individual. (The response was square-root transformed to normalize residuals and to improve model fit statistics provided by PROC MIXED [Akaike's information criterion].) Individuals for which .100 measures of interfix speed were available were included in the analyses; 14 individuals met this criterion. The analyses also weighted each datum by the number of observations contributing to it. The effect of type of raccoon dog on movement speed varied significantly with habitat category (F ¼ 2.28, d.f. ¼ 6, 242, P ¼ 0.034 for type habitat) and marginally so with season (F ¼ 2.57, d.f. ¼ 3, 246, P ¼ 0.081 for type Â season). The latter interaction is explained by a tendency for village-type raccoon dogs to move faster in most habitats but more slowly than mountain-type animals in the crop habitat (Table 5 ). In light of the significant interactions, separate models were fitted for each type of raccoon dog. For the mountain-type raccoon dogs, there was no evidence that either habitat or sex affected mean interfix speed (F ¼ 1.29, d.f. ¼ 6, 136, P 0.26 and F ¼ 0.21, d.f. ¼ 1, 5.5, P ¼ 0.66, respectively). However, there was strong evidence for a seasonal pattern (F ¼ 5.10, d.f. ¼ 3, 140, P ¼ 0022): mean interfix speed was lowest in winter and highest in autumn (Table 5) . Among the village-type raccoon dogs, there was strong evidence for both an effect of habitat and season on interfix speed (F ¼ 18.6, d.f. ¼ 6, 102, P , 0.0001 and F ¼ 6.75, d.f. ¼ 3, 104, P ¼ 0.0003, respectively). Movement was fastest in rice and slowest in crop habitats (Table 5 ). This concords with the observation that crop habitat is preferred by this type within its range (Fig. 4) ; comparing Table 5 with Fig. 4 , we observe a general tendency for withinrange selection to covary with speed of movement within the habitat. Speed was lower in habitats favored by 3rd-order (within-range) selection. For example, speed also was relatively high in forest, which was not favored for either 2nd-or 3rd-order selection (Figs. 3 and 4) . Although speed of movement was not significantly different among habitats for the mountaintype animals, this pattern also is evident there; speed was relatively low in herbaceous habitat. The seasonal pattern was for movement to be slowest in autumn and winter (Table 5) .
Nightly movements.-Nightly movements were analyzed for 18 animals totaling 309 nights. An example of a typical nightly pathway is shown in Fig. 6 . Mean nightly home range was 16.7 ha 6 1.29 SE; and mean nightly range span was 670.4 m 6 25.6 SE (Fig. 7) . Nightly home ranges were, on average, between 9.2% and 14.3% of total home ranges depending on season (Tables 3 and 6 ). Individual variation was high for all 3 parameters, and greater variability can be seen among subadults than adults. Comparisons were made between types of raccoon dog, sexes, age classes, and seasons. The SAS MIXED procedure (using a square-root transformed response) was used for this.
Nightly range sizes, spans, and movement speeds tended to be lowest in winter (F ¼ 7.73, d.f. ¼ 3, 39.3, P ¼ 0.008 for minimum convex polygons; F ¼ 4.4, d.f. ¼ 3, 39.4, P ¼ 0.011 for range span, and F ¼ 6.1, d.f. ¼ 3, 38.4, P ¼ 0.001 for mean speed). There was also a tendency for an interaction between sex and age for all 3 responses (F ! 7.1, d.f. ¼ 1, 38.9, P 0.01; patterns were similar across all 3 responses because intercorrelation was high: Pearson's r ! 0.63, P , 0.001). Adult males had larger values compared with subadults, whereas the opposite trend was evident for females. There was also a tendency for mountain-type raccoon dogs to have larger nightly home ranges, higher speeds, and range spans compared with village-type raccoon dogs (Table 6) .
Fractal dimension of movements.-The overall mean fractal dimension of movements was 1.2264 6 0.0122 (n ¼ 68 nights). Because of deviation from normality, a Wilcoxon signed rank test also was applied; the median of 1.1986 differed significantly from 1.0 and 2.0 (both P , 0.0001). Fractal dimensions also differed significantly among individuals (Kruskal-Wallis tests, H ¼ 20.99, P ¼ 0.021) but not among seasons (H ¼ 2.06, P ¼ 0.561), years (H ¼ 7.64, P ¼ 0.106), or between sexes (H ¼ 2.35, P ¼ 0.126). The fractal dimension was significantly (H ¼ 11.69, P ¼ 0.001) higher for mountaintype raccoon dogs (1.27 6 0.018) compared with village-type raccoon dogs (1.19 6 0.015). The fractal dimensions of sato and yama habitats were estimated as 1.42 6 0.014 and 1.52 6 0.0185, respectively.
For 5 animals with fractal dimensions calculated for !6 nights, mean fractal dimension was significantly negatively related to the percent of cover of rice fields and cropland in each home range (Fig. 8) ; the trajectories of raccoon dogs in home ranges were less convoluted in home ranges with larger areas of rice and crop. Fractal dimension of movements decreased as farmland (sato) use increased, suggesting raccoon dog movements within this landscape were less complex than they were in seminatural landscape (yama).
DISCUSSION
Habitat selection.-We sought to exploit the variability and patchiness of the satoyama landscape to explore how individual raccoon dogs were able to mold their space use around that template. Indeed, we found enormous variation among individuals in important attributes of their ranging behavior. The ranges of some, which we termed mountain-type animals, were dominated by forest and herbaceous habitat, both of which were relatively rich in both food and shelter throughout the year. The ranges of others were dominated by managed habitat such as rice and other crops that were more seasonally variable in resource abundance, and we termed these villagetype animals. Our comparisons of within-home-range space use by these types were revealing.
Comparison of the preference indices of the 2 habitat-type users suggested that habitats were indeed selected at different spatial scales, and that there was concordance between preferences at those scales (shown by a comparison of Figs.  3 and 4) . Within home ranges, we observed that the preferred habitats tended to be, for each type, the same habitats that were overrepresented in their home ranges by comparison with the composition of the study area. These observations are consistent to some degree with preference for food-rich habitats (food was consistently scarce in the plantation habitat, which tended to be avoided by both types). Avoidance of forest, which comprised 26.7% of the study area, also was a consistent feature of nonrandom space use, and not seemingly related to resource availability. However, forest was a rather heterogeneous category and had very variable topography. A less crude classification might have revealed preferences.
The observation for village-type raccoon dogs that cropland and rice fields were both favored in 2nd-order selection (range location; Fig. 3 ) but that for 3rd-order selection rice was markedly avoided is likely to be related to the spatial configuration of the habitats. It may be impossible to include cropland within a home range without also including rice fields. But within the range the habitat can be avoided (and we also observed that village-type animals moved fastest in rice fields).
Scale-dependent habitat use has been reported previously for birds (Naugle et al. 1999; Wiens 1985) and fishers (Martes pennanti- Weir and Harestad 2003) . Our observation that mountain-type raccoon dogs also tended to be moving faster than village-type animals in crop habitat is consistent with a greater tendency for foraging in this habitat when it does not predominate.
Habitat selection may not be a discrete process of decisionmaking at each scale because animals might simultaneously choose habitat components or a combination of them across scales. For example, the American marten (Martes americana) has been shown to select cover types at the scale of the landscape rather than the forest stand; this indicates the importance of functional habitat quality and structure (Bissonette et al. 1997) . In our study, we observed that habitat use as determined by inactive fixes only revealed strong avoidance of the rice habitat, where cover was scarce.
Home-range sizes.-We predicted that home-range size would probably differ as a function of home-range composition. Although we did observe considerable variation among individuals (between 23 and 228 ha [95% kernel]), some of which was dependent on season, this prediction was not upheld. However, comparison with other studies suggests a larger-scale effect. Ikeda (1982) found that the home ranges of raccoon dogs were smaller than predicted from their body mass based on a general relationship for omnivores (Harestad and Bunnell 1979) . Mean home-range size in the current study was much larger than those from other studies in Japan with the exception of 1 in subalpine habitat (Fukue 1991; Ikeda 1982; Ikeda et al. 1979; Ward and Wurster-Hill 1989; Yamamoto 1993; Yamamoto et al. 1994) and was close to that predicted by Harestad and Bunnell (1979) . Intraspecific variation in homerange size is typical of canids (Geffen et al. 1996) . The small home ranges reported previously can be explained by the animals using rich food supplies such as garbage sites and foodrich shorelines.
Movements.-Although home-range size did not differ between mountain-and village-type raccoon dogs, we did observe some more subtle effects of habitat on movement speed, and on the fine-scale geometry of movement patterns.
Movements measured by interfix speed varied greatly among individuals and seasons. Adult raccoon dogs of both types moved, on average, more slowly in spring and winter. This is accounted for by the frequency of inactive periods in these seasons, rather than slower movement speeds when active. Attendance of dens early in the nursing season and periods of inactivity during cold periods may have contributed to this.
The significant difference in interfix speed between habitat types also suggests different use of habitat types by the animals. The different trends in proportion of active fixes among habitats supported this interpretation, indicating that the raccoon dogs tended to be inactive (possibly resting) in forest and plantation, in contrast to being active (traveling or foraging) in rice fields. Herbaceous and cropland habitats were preferred whether the animals were active or not. It seems probable that these 2 habitats were functionally similar for mountain-and village-type animals, respectively, and that raccoon dogs showed a preference for the predominant habitat type within their home range, regardless of the resource status of the other. This would be adaptive if specialization in a habitat-specific foraging strategy maximized intake rate in comparison with switching.
Although raccoon dogs did not hibernate in the study area, nightly movements suggested lower winter activity: mean interfix speed, nightly home-range size, and range span were smaller in winter compared to other seasons. During winter, we recorded significantly lower interfix speeds in colder ambient temperatures (Saeki 2001) .
Japanese badgers (M. anakuma), on the other hand, undergo winter lethargy with lowered body temperature in Japan (Tanaka 2002) , occasionally emerging from the den on warm days (Kaneko 1996) . In Finland, both the raccoon dog and the badger become dormant in winter; there, raccoon dogs have become established, apparently without causing a decline of native badger populations (Kauhala 1995; Kauhala et al. 1998 ). The milder climate in our study area (and most of Japan) allows the raccoon dogs to forage through the winter.
Fractal dimension.-The fractal dimension of nightly movements of raccoon dogs was not affected by food availability insofar as we found no significant difference between seasons. However, there were habitat effects that may be connected with food distribution. Fractal dimensions of the movements also may reflect the physical complexity of the habitats. The fractal dimension of the yama (mountain) landscape was higher than that of the sato (village) landscape, and the fractal dimensions of movements of raccoons dogs differed in the same way between these landscapes such that the fractal dimension of movements of the mountain-type animals (yama users) was higher than that of the village-type animals (sato users). Indeed, although we had few animals for this analysis, there was evidence for a trend between movement fractal and the proportion of managed habitat within a home range, a characteristic of sato landscape (Fig. 8) . Several possible explanations for this, which are not mutually exclusive, can be proposed. First, the linearity of sato landscape itself could create straight paths when the animals move in or along, for example, artificial gutters (concrete), riverbanks, and ditches. This would generate fractal dimensions of movement patterns similar to those of the habitat characteristics causing them, which is consistent with our observations. Second, the agricultural activities in the sato habitat might give rise to more predictable and more evenly dispersed food items than in many natural environments. Frequency of contact with humans may influence behavior. Personal observations by one of us (MS) suggest that raccoon dogs in the sato landscape are less wary than those in the yama, and therefore more likely to use linear features such as roads and gutters when they are available.
It seems likely that the tortuosity of movements of raccoon dogs reflects their individual response to habitat, rather than being an attribute of the species. The fractal dimension of movements of female wolves (Canis lupus signatus) differed with their life stage, whereas that of males had a higher fractal dimension than did nonbreeding females (Bascompte and Vilà 1997). The restricted mobility of females with young resulted in higher fractal dimensions. Variability in fractal dimensions within an individual or a species also may have significant importance for feeding ecology. Raccoon dogs appeared to be able to change their fractal dimension of movements depending on the complexity of the habitat. If so, the fractal dimension of movements of raccoon dogs would be an indicator of the complexity of habitat use and of habitat complexity itself.
Spatial heterogeneity of resources is probably larger in the yama (hills and valleys) landscape, where the mountain-type animals mainly occur, whereas temporal heterogeneity of resources is probably larger in the sato landscape (rice fields and cropland), where the village-type animals mainly occur. This could result in overall similarity in group size of the mountain-and village-type animals (Saeki 2001) . In addition, the heterogeneity may not be large enough to show group-size difference between these types.
We demonstrated here that space-use behavior in raccoon dogs was sufficiently plastic to respond to the extreme variability represented in the satoyama landscape. The composition of home ranges in terms of crude habitat type varied considerably; this variation was reflected in habitat selectivity that depended on the relative abundance of habitat types. The function of a habitat also may have varied with its availability. Further, the fine-scale geometry of movement patterns responded to landscape type within the home range as seen in the relationship between the fractal dimension of movement patterns and home-range composition. These observations on this opportunistic generalist species provide clues to the mechanisms underlying observed intrapopulation variation across its geographic range.
